The cages were placed on a small island adjacent to camp and constructed using heavy cord netting and aluminum poles in an elongated triangular design 1 m high with the sides and floors being continuous. Individual cages were made by closing off sections of the tubular structure. During inclement weather, additional cover was provided by placing pieces of plywood on the sides of the cages. Birds were provided with water and fed freshlv cut branches of several species ofwillow (Salix spp.) id libitum. We avoided placing males in adjacent cages to reduce visual contact with other males. In accordance with the experimental protocol, birds [2111
METHODS AND STUDY AREA
The study was conducted on about 10 km2 of subarctic tundra at La Perouse Bay, 40 km east of Churchill, Manitoba, Canada (58"24' N, 94"24' W). The vegetation, study area, field methods, and general biology of this population of Willow Ptarmigan were described earlier by Jefferies et al. (1979) and Martin (1984) . During 198 l-l 983, pairs of ptarmigan were assigned randomly to control or removal treatments after territories were established. Paired males were removed from territories at the onset of incubation or when their chicks hatched. Replacement males were also removed if they remained with the "widowed" female for three days. During 1982-l 983, paired females were removed on the day their eggs hatched.
Most ptarmigan were captured before incubation with an extendable noosing pole (Zwickel and Bendell 1967) and individually marked with one numbered metal band and three color bands. Birds were classified as yearlings (hatched the previous season) or adults (2+ years) by comparing pigmentation on the eighth and ninth primaries, and sexes were distinguished on the basis of plumage, voice and wing chord (Bergerud et al. 1963 ). We determined territorial and mating status of birds prior to onset of the removals. On the assigned day of removal, birds were captured and their wing chord and body mass recorded. Birds were placed in a cotton banding bag and carried upright to the field camp. Here, they were weighed again to record loss of mass in transport and placed in individual cages. Travel time to the camp ranged from 15 to 90 min. Dates of removal ranged from 8 June to 24 July for males and from 28 June to 25 July for females.
The cages were placed on a small island adjacent to camp and constructed using heavy cord netting and aluminum poles in an elongated triangular design 1 m high with the sides and floors being continuous. Individual cages were made by closing off sections of the tubular structure. During inclement weather, additional cover was provided by placing pieces of plywood on the sides of the cages. Birds were provided with water and fed freshlv cut branches of several species ofwillow (Salix spp.) id libitum. We avoided placing males in adjacent cages to reduce visual contact with other males. In accordance with the experimental protocol, birds [2111 were released either the day after their eggs hatched or were depredated, or when their hatched offspring had reached two weeks of age. Time in captivity ranged from 1 to 20 days. Immediately prior to placing ptarmigan in cages, we injected them with either 0.1 or 0.2 mg of 17@-estradiol in cottonseed oil [estradiol cypionate ECP; concentration of 1 mg per ml; Upjohn]. Initial dosage levels of 0.1 mg (0.2 mg/kg of body mass) and 0.2 mg (0.4 mg/ kg) were calculated in consultation with the Queen' s University veterinarian. We used intramuscular (to promote rapid entry into the system) and subcutaneous (to allow a gradual release of hormone) injections. We initially injected ECP with the purpose of bringing males out of breeding condition by altering the balance of reproductive hormones (Lorenz 1954), thereby reducing the time required to maintain them in captivity. In 1981 we injected birds, kept them in captivity for 7-10 days to allow time for the ECP to take effect, and then released them. This did not alter the behavior of males as desired; birds returned to their territories and mates shortly after release (Martin 1991 Wing chord is a useful measure of size in Willow Ptarmigan (Robb et al. 1992 ). Body mass of male and female ptarmigan varies over the breeding season in relation to stage of reproduction (Hannon and Roland 1984). We found significant interactions between body mass and wing chord (r2 = 0.52, n = 100, P = 0.0001) and body mass and adjusted date of capture (r2 = 0.10, n = 100, P = 0.0015). Thus, we adjusted body mass using analysis of covariance (ANCOVA) with sex as the factor and wing chord and adjusted date of capture as covariates. We used the residuals from this AN-COVA to examine survival in relation to body condition at the time of capture and removal.
Sample sizes differed for variables measured because complete data were not available for all individuals. G-tests and two-way or multi-way contingency analyses were done using log likelihood chi-squares; if the samples were small we performed sampled randomization tests (n = 500 tests, Sokal and Rohlf 198 1) and reported G,,, values. Continuous variables were analyzed using analysis of variance (SAS Inst. 1987). To examine the source of heterogeneity in survival, numerically-ordered net body mass loss categories were compared using 2 x 2 contingency analysis, and adjacent categories that were homogeneous were pooled and compared to the succeeding category (Bishop et 
RESULTS
Factors influencing survival in captivity. Eighty-nine (76 males, 13 females) ofthe 100 birds removed during the 198 1 to 1983 breeding seasons were placed in captivity. The four birds (three males, one female) that did not receive injections of ECP died. All uninjected males died during the fourth day of captivity; the female died during the second day. However, only 14 (16%) of the birds injected with ECP died in captivity. The injection route and amount of ECP administered influenced survival. Birds given intramuscular injections of 0.2 mg had lower survival than the other two injection regimes (Table la) . Survival of captive birds was not related to either sex or age class (Table la) . The mean time in captivity of 61 injected males that survived was 10.9 ? 0.5 days, range l-20, significantly longer than 11 injected males that died (mean = 4.7 -t 0.6 davs. ranee 2-7. F = 27.1. P = 0.0001). Thus. all mortality occ&red during the f;rst week of captivity:
The mean adjusted body mass at time of removal for 86 males was 602.3 * 3.8 g and for 14 females was 506.1 * 9.7 g. We examined whether residuals of adjusted body mass at time of capture, net mass loss, or percent loss of body mass during the first week in captivity influenced survival in captivity. For injected males, residuals of body mass at time of removal did not differ in relation to survival (survived: mean = -1.1 * 4.2 g, n = 61; died: mean = -5.5 * 8.8 g, n = 11, F = 0.17, P = 0.68). The three uninjected males that died had body mass residuals of -3.1, + 5.9 and + 10.6, respectively, and thus were not in worse body condition at the time of capture than other males removed. The uninjected female had a body mass residual of -30.4.
Net loss of body mass in captivity (i.e., mass at capture -mass at release) for injected males was related to survival; 60 males that survived lost an average of 76.1 ? 6.5 g and nine that died lost an average of 148.3 + 22.4 g (F = 14.7, P = 0.0003). Data for injected females in captivity were limited but showed a similar pattern to males; two females that died lost an average of 127.5 ? 37.5 g and 10 females that survived lost a mean of 36.0 + 16.8 g. We categorized net mass loss by 50 g increments to ascertain how the amount of mass lost might influence survival. Although we observed overall heterogeneity in percent survival with net mass loss (G,, = 20.3, df = 5, P = 0.00 l), sequential contingency tests of adjacent net mass loss categories showed that survival in captivity did not decline until birds had lost more than 150 g (i.e., about 25% of their body mass, G,,, = 18.9, df = 1, P < 0.0001, Fig. 1 ).
Although loss of body mass in captivity did not influence survival until birds had lost more than 150 g, the rate of mass lost, especially during the first week in captivity was related to survival. Birds that died in captivity lost a greater percentage of their initial body mass during the first week in captivity than survivors (mean O/a mass loss durina week 1: died-22.5 * 0.03, range 8-37%, n = 11; l&ed-14.0 f 0.01, range 2: 32%, n = 58). Although there was extensive overlap in percent of mass lost in both groups, birds that died in captivity lost body mass at a faster rate during the first week in captivity than birds that lived (Fig. 2) .
Of the three injection routes used, only the 0.2 mg intramuscular injection resulted in a significant reduction from 100% survival (Table la) . Thus, we restricted our analysis of survival in relation to morphometric traits, date of capture and mass loss in transport to males given intramuscular injections of 0.2 mg ECP ( Table 2) . Survival of birds given 0.2 mg ECP did not differ in the three years (G,,, = 4.8, df = 2, P = 0. lo), so years were pooled for further analysis. No relationship was found between survival and adjusted body mass at capture, wing chord, or amount of mass lost during transport to the camp (Table 2 ). However birds that died were removed significantly earlier in the season ( Table 2) .
Survival of captive birds to the subsequent year. We examined whether captivity influenced the return of released birds to the study-site in subsequent years. Durina 198 1 to 1983. 57% of 49 removed males and 57% 07 123 unmaninulated paired males returned to the study area the next year (G = 0.0008, df = 1, P = 0.98): 60% of 10 females olaced in cantivitv returned. compared to 38% of 125 &manipulated hens (G = 1.8; df = 1, P = 0.18). We found no relationship between likelihood of returning and the three injection routes; likewise, return rates did not vary with the sex or age class of removed birds (Table lb) 
DISCUSSION

Injections of estradiol cypionate (ECP) strongly enhanced survival of Willow Ptarmigan in captivity.
Similar responses were observed for both sex and age classes. Injections of ECP also had the advantage of showing no subsequent effects on survival after birds were released. Injected birds that survived captivity had a similar probability of returning the following year as ptarmigan that were not removed.
Only birds given 0.2 mg intramuscular injections had significant mortality, and within this group, there was an interaction with date ofcapture. Ten of 11 males that died after being given 0.2 mg intramuscular injections were removed during the first half of the experimental period (mid to late June). This mortality may have been due to increased stress occurring earlier in the breeding season when males were still involved in energetically demanding activities. In our study, we removed birds well after the seasonal peak of testosterone production associated with the acquisition of territories and mates (Hannon and Wingfield 1990), but birds would still have had levels well above postbreeding condition. As the removal period progressed, decreasing levels of testosterone may have facilitated the ability of males to adjust to captivity. If so, we predict that mortality rates would be higher for birds removed before onset of incubation.
Date of capture was not the principle cause for mortality in captivity, otherwise we would have observed mortality among all injection regimes for birds removed early in the season. Only 1 bird died after an intramuscular injection of 0.1 mg, and it was removed late in the experimental period. No mortality occurred after combination injections of 0.2 mg. In addition, all uninjected birds were removed in the latter half of the experimental period. 
